IMPORTANCE Uncertainty remains about the relative benefits of primary cytoreductive surgery (PCS) vs neoadjuvant chemotherapy (NACT) for advanced-stage epithelial ovarian cancer (EOC).
1
Neoadjuvant chemotherapy with interval cytoreductive surgery (NACT) and postoperative chemotherapy is an alternative approach, 2,3 often used to treat patients with large tumor burdens, multiple comorbidities, or stage IV disease. 4, 5 The role of NACT in the treatment of EOC remains controversial. Several retrospective studies have suggested that PCS with optimal cytoreduction is more effective than NACT for women with advanced-stage EOC, with improved progressionfree and overall survival.
6-10 However, 2 phase 3 randomized clinical trials have demonstrated that NACT is noninferior to PCS for women with stages IIIC and IV EOC with high disease burdens. 2, 3 Both trials have been criticized because a high number of patients who received PCS had greater than 1 cm of residual disease after surgery, the survival durations were shorter than expected, and a substantial proportion of women received single-agent carboplatin instead of the traditional platinum-based doublet. 11, 12 Exploratory analyses of the trial of Vergote el al 2 revealed that patients with stage IIIC disease and less than 4.5 cm of disease had superior survival when treated with PCS, and patients with stage IV disease had better survival when treated with NACT.
13
Despite the evidence supporting the noninferiority of NACT, this approach is not accepted by some gynecologic oncologists in the United States. 11, 12 The purpose of this study was to compare the overall survival of women with advancedstage EOC who underwent PCS with those who received NACT in a large US population. We restricted our study sample to women who were 70 years or younger and without medical comorbidities to maximize the likelihood that patients would be eligible for either treatment and reduce bias related to the preferential use of NACT in elderly and frail women.
Methods

Cohort Selection
We identified women who received a diagnosis of advancedstage (stage IIIC or IV) EOC during 2003 through 2011 from the National Cancer Data Base (NCDB). The NCDB is a nationwide oncology cancer registry that includes information on approximately 70% of all incident cancers diagnosed in the United States and serves as a surveillance mechanism for more than 1430 hospitals participating in the American College of Surgeons Commission on Cancer. 14 Because all data are deidentified, this study was deemed exempt by the Massachusetts General Hospital Institutional Review Board.
To better compare NACT with PCS among patients who were likely candidates for either treatment, we studied women who were 70 years or younger with a Charlson comorbidity index of 0. The Charlson Comorbidity Index includes comorbidities likely to affect survival among hospitalized patients with cancer; a score of 0 means that none of the Charlson comorbidities were present. 15, 16 From 54 382 patients with incident stage IIIC or IV ovarian cancer diagnosed between 2003 and 2011, we excluded women whose International Classification of Diseases for Oncology, 3rd Edition, histologic code did not correspond to a category of EOC (N = 2828), women with other cancers (N = 6321), those without microscopic confirmation (N = 239), and those with unknown follow-up time (N = 4). We next excluded women with Charlson scores greater than 0 and/or who were older than 70 years (N = 17 921), patients who received a diagnosis of ovarian cancer at one institution but were treated at another (N = 550), those missing data on the timing of postoperative chemotherapy, women treated with palliative intent, and women with unknown surgical procedures (N = 2758). Finally, to identify primary (rather than salvage) therapy, we restricted the cohort to patients in whom chemotherapy or surgery was initiated within 3 months of diagnosis, resulting in a final study population of 22 962 women ( Figure) . The exposure of interest was initial treatment approach of PCS vs NACT. We performed an intent-to-treat analysis, in which patients who underwent initial PCS were included even if they never received chemotherapy, and those who had initial NACT were included even if they never received surgery. Receipt of treatment, including chemotherapy, in the NCDB has been documented to be reliable. 17, 18 The primary outcome of interest was overall survival, defined as months from cancer diagnosis to death or date of the last contact. Control variables included age at diagnosis, race/ ethnicity, year of diagnosis, and geographic location of the treating facility. We documented median household income of the ZIP code of residence as estimated by the American Community Survey, categorized in quartiles (<$38 000, $38 000-$47 999, $48 000-$62 999, and ≥$63 000). Insurance status was categorized as uninsured, private insurance, Medicare, or another type of government insurance. The treating facility was categorized according to the Commission on Cancer Accreditation program as a community cancer program, comprehensive community cancer program, academic/research program, or other.
Statistical Analysis
We compared categorical variables using χ 2 tests and continuous variables using independent sample t tests. Propensity
Key Points
Question Is there a difference in survival between patients who receive primary cytoreductive surgery compared with neoadjuvant chemotherapy for advanced-stage epithelial ovarian cancer?
Findings In this cohort study 22 962 patients, 19 836 (86.4%) received primary cytoreductive surgery and 3126 (13.6%) underwent neoadjuvant chemotherapy. Among propensity-score matched groups, the median overall survival was significantly longer in the primary cytoreductive surgery group than in the neoadjuvant chemotherapy group.
Meaning Primary cytoreductive surgery was associated with improved survival compared with neoadjuvant chemotherapy in otherwise healthy women 70 years or younger with advanced-stage epithelial ovarian cancer.
score matching was undertaken to create a cohort in which patients who underwent PCS and NACT were balanced on covariates that might confound the effect of treatment approach on survival. 19 We fit logistic regression models to estimate the probability of receiving NACT; independent variables included age, year of diagnosis, race/ethnicity, treating facility type, insurance status, income, geographic region, rural vs urban status, stage, histologic subtype, and grade. We then matched each woman who received NACT with a woman who underwent PCS who had the same propensity to undergo NACT using a caliper of 0.2. 20 We compared standardized differences of covariates in the propensity-matched cohort (eFigure 1 in the Supplement). We compared overall survival between women who underwent PCS vs NACT in the propensity score-matched cohort using the Kaplan-Meier method and the log-rank test. Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95% confidence intervals for the association of treatment with survival. We repeated analyses stratified by stage and period of diagnosis in the propensitymatched groups; we also tested for the interaction of treatment approach by stage and treatment approach by period of diagnosis in separate models.
In sensitivity analyses, we repeated all analyses after excluding women who received chemotherapy without interval cytoreductive surgery from the NACT group because of a concern that these women may have been too sick to undergo surgery. Additionally, we restricted the analysis to highvolume centers, defined as hospitals that treated at least 20 ovarian cancer cases per year, 21, 22 and women with highgrade serous cancer. For these analyses, we refit the propensity score models. Although we adjusted for numerous observed characteristics using propensity score analyses, propensity scores cannot adjust for unmeasured confounders. Therefore, we tested the sensitivity of our associations between treatment group and survival to several potential unmeasured confounders. 23, 24 To do this, we assumed that there were unmeasured factors, that is, preoperative disease burden, performance status, and BRCA status, that were associated with both the treatment received and survival. We then updated our estimates of the differences in survival after adjusting for these additional unobserved variables using specific assumptions about differences in the prevalence of these characteristics in women receiving PCS vs NACT and the confounder's association with survival. Based on the Gynecologic Oncology Group (GOG)-182 study estimate of the effects of preoperative disease burden on overall survival, we estimated that women with high preoperative disease burden have an HR of death of 1.33 compared with women with a moderate disease burden. 25 We instituted a range of assumptions about the prevalence of high disease burden, which is likely to have been more prevalent among women undergoing NACT. Similarly, the impact of performance status of 1 or 2, compared with a performance status of 0, in women with EOC is associated with an HR of time to death of 1.71. 26 We also assumed that performance status of 1 or 2 was more prevalent among women undergoing NACT. Finally, the impact of BRCA status was also assessed. BRCA mutation is associated with a better prognosis in women with EOC; in a large series, the HR of time to death was 0.72 in women with a BRCA mutation compared with those without the mutation. 27 We assumed that BRCA mutations were more prevalent among the PCS group, assuming this group may be more likely to pursue aggressive treatment of their cancer with PCS. Statistical tests were 2 sided and differences were considered statistically significant at P < .05. All statistical analyses were performed using R 3.0.3 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Among 22 962 included patients, 19 836 (86.4%) underwent PCS and 3126 (13.6%) patients received NACT. Of those who underwent NACT, 813 (26.0%) never received interval cytoreductive surgery, while 2925 (14.7%) of women treated with PCS did not receive chemotherapy within 6 months of surgery. An optimal algorithm was used to perform 1:1 propensity score matching.
tions were similar. Propensity score matching between the PCS and NACT groups yielded 2935 matched pairs (93.9% of 3126 patients) in the NACT group (Table 1 and eTable 1 in the Supplement). After propensity score matching, all characteristics were balanced in the 2 groups (eFigure 1 in the Supplement). The median follow-up was 56.5 (95% CI, 54.5-59.2) months in the PCS group and 56.3 (95% CI, 54.5-59.8) months in the NACT group in the propensity-matched cohort (eFigure 2 in the Supplement shows Kaplan-Meier survival curves for the propensity-matched groups for the entire population). The median overall survival in the propensity-matched cohort was 37.3 (95% CI, 35.2-38.7) months for the PCS group and 32.1 (95% CI, 30.8-34.1) months in the NACT group (P < .001). Within the cohort, 30-and 60-day survival rates were 98.8% and 97.4% in the NACT group, respectively, and 97.4% and 94.7% in the PCS group. In addition, 5-and 10-year survival rates were 25.3% and 12.2% in the NACT group, and 32.8% and 14.2% in women who underwent PCS.
Overall, women in the NACT group had an 18% increased hazard of death from all causes compared with PCS (HR, 1.18; 95% CI, 1.11-1.26) ( Table 2) . When stratified by period of diagnosis, the association of treatment approach with survival was similar for each period (P = .73 for interaction of treatment approach by time period; data not shown) ( Table 2) . Results differed slightly after stratification by stage; in women with stage IIIC disease, the propensity-matched HR in women who received NACT compared with PCS was 1.24 (95% CI, 1.11-1.37); and in stage IV the propensity-matched HR was 1.13 (95% CI, 1.04-1.23); however, these differences were not statistically significant (P = .38 for interaction).
In sensitivity analyses, we assessed the association of treatment group with all-cause survival after excluding patients who only received chemotherapy. Among women who received either PCS or NACT followed by interval cytoreductive surgery, in the propensity score-adjusted analysis, the median overall survival was 40.1 (95% CI, 38.2-41.7) months in the women in the PCS group and 32.4 (95% CI, 30.9-34.2) months in the NACT group (P < .001) (adjusted HR, 1.29; 95% CI, 1.21-1.38) (eFigure 3 in the Supplement shows Kaplan-Meier survival curves for the propensity-matched groups for this population). Among women who received treatment at highvolume centers, in the propensity score-adjusted analysis, the median overall survival was 37.7 (95% CI, 36.1-39.9) months in the women in PCS group and 32.0 (95% CI, 30.7-34.0) months in the NACT group (P < .001) (adjusted HR, 1.20; 95% CI, 1.13-1.28). When patients with high-grade serous cancer were analyzed separately, in the propensity score-adjusted analysis, the median overall survival was 44.0 (95% CI, 41.6-46.6) months in the women in PCS group and 35.6 (95% CI, 33.9-38.0) months in the NACT group (P < .001) (adjusted HR, 1.28; 95% CI, 1.16-1.41).
In analyses assessing the sensitivity of our findings to potential unmeasured confounders, we tested whether differences in the burden of disease, performance status, or BRCA status 25-27 could explain our findings. Our findings were robust to rather large differences in the prevalence of high disease burden and BRCA status (eTable 3 in the Supplement). For example, given prior evidence that a high preoperative disease burden is associated with higher mortality (HR = 1.33) compared with moderate disease burden, if 95% of women receiving NACT had high disease burden compared with 60% of women in the PCS group, the association of PCS with better survival would still be statistically significant. The findings were less robust for potential moderate-sized differences in performance status. For example, given prior evidence that a limited performance status (Eastern Cooperative Oncology Group [ECOG] 1-2) is associated with higher mortality (HR = 1.71) compared with a performance status of 0, if 60% of women receiving NACT had an ECOG performance status of 1 to 2 compared with 50% in the PCS group, then the association of PCS and improved survival would no longer be statistically significant.
Discussion
In this large national study examining primary treatment for otherwise healthy women 70 years or younger with advancedstage EOC, PCS was associated with improved survival of approximately 5 months compared with NACT. Primary cytoreductive surgery was associated with improved survival even when we restricted our analyses to patients who received NACT without interval cytoreductive surgery, patients with high-grade serous cancers, or those treated at high-volume centers. The findings were robust to large differences in 2 potential unobserved confounders, high preoperative disease burden and BRCA status, but not large differences in the prevalence of limited performance status. Two clinical trials showed noninferior survival in women randomized to NACT, compared with PCS. However, these trials have substantial shortcomings. The trial of Vergote et al 2 is limited by the short overall survival and low proportion of patients who were optimally cytoreduced to less than 1 cm of residual disease (41.6%). The median overall survival of patients randomized to PCS was only 29 months vs 30 months in the NACT group. Similarly, in the Chemotherapy or Upfront Surgery (CHORUS) trial 3 the median overall survival of patients randomized to PCS was 23 months vs 24 months in the NACT group, and only 41% of the patients in the PCS arm were optimally cytoreduced to less than 1 cm of residual disease.
Prior retrospective studies and a meta-analysis have demonstrated improved overall survival in women who received PCS. [6] [7] [8] [9] [10] 28 However, observational studies do not provide the same level of evidence as randomized clinical trials. In observational studies, women who receive NACT are usually older, have more comorbid conditions, have higher preoperative tumor burdens, and likely more limited performance status. These factors can result in large differences in the distribution of prognostic factors between women receiving NACT and PCS.
In the present investigation, we restricted the population to healthy women 70 years or younger to identify women who were likely candidates for either treatment. Additionally, we used propensity score matching to adjust for many variables that have traditionally been associated with treatment approach. We also tested the robustness of our estimates to potential unobserved confounders. These analyses suggest that our finding of lower survival with NACT was robust to differences in the prevalence of high preoperative disease burden and BRCA mutation status. On the other hand, the lower survival in women who received NACT could be explained by a higher prevalence of limited performance status in women undergoing NACT if the prevalence of ECOG performance status of 1 to 2 is higher in the NACT vs PCS group (ie, 60% vs 50%).
Remarkably, nearly 15% of women never initiated chemotherapy after PCS while approximately 26% of the women treated with NACT did not undergo surgery. Similar to our findings, a study of women with stage III and IV EOC diagnosed between 1995 and 2008 using Surveillance, Epidemiology, and End Results-Medicare data showed that 15% of women underwent surgery alone. 29 Similarly, Wright et al 30 noted that 19% of older patients with stage II to IV ovarian cancer who underwent primary surgery never received postoperative chemotherapy and 66% of women treated with initial chemotherapy never underwent surgery. In comparison, in the study by Vergote et al, 2 12% of the patients in the NACT arm did not receive surgery. The decision not to perform surgery in a substantial number of patients after NACT may be related to the existence of platinum-resistant disease, or other unobserved clinical factors (eg, limited performance status). Although our inclusion of patients treated with chemotherapy only in the NACT cohort could bias survival estimates in the primary intent-to-treat analysis, when patients receiving chemo-therapy alone were removed, NACT remained associated with lower survival compared with PCS. In this study, PCS was associated with improved survival in women with both stage IIIC and IV disease. Although the estimate of the effect of treatment approach on survival was larger in patients with stage IIIC disease, the interaction term was not statistically significant, suggesting that there was no significant difference in our findings by stage. Similarly, when we performed an analysis stratified by period of diagnosis (because the types of patients undergoing NACT may have changed after the publication of the study by Vergote et al), 2, 31, 32 we found no differences.
Limitations
One of the strengths of this study is that it includes information on nearly 70% of the women with a diagnosis of ovarian cancer in the United States. Nevertheless, it is important to note several limitations. We lacked information about the extent of postoperative residual disease and specific chemotherapy regimens and doses. The differences in survival between treatment approaches could be attributed to other unmeasured factors, such as more aggressive tumor characteristics in women who received NACT. In addition, we had no information on how treatment decisions were made; these are often based on the likelihood of cure and perceptions of how specific interventions will affect patients' quality of life. The results of the present study are limited to otherwise healthy women 70 years or younger and should not be extrapolated to other populations. Finally, if most surgeons in the United States considered PCS superior to NACT during the study period, then the patients who underwent NACT, even though relatively young and healthy, may have been even more different from those in the PCS group than they appeared.
Conclusions
We found that PCS was associated with improved survival compared with NACT in otherwise healthy women 70 years or younger with advanced-stage EOC. This difference was robust to large differences in 2 potential unobserved confounders, high disease burden and BRCA status; however, the lower survival in women who received NACT could be explained by differences in another unobserved confounder, limited performance status, if the rates are higher in patients who underwent NACT vs PCS. Such information will be important to collect for future observational studies. Future research should focus on which patients benefit most from PCS or NACT to tailor the treatment of women with advanced-stage EOC. We considered the possibility that three unobserved potential confounders, performance status, burden of disease, and BRCA mutation status, were associated with treatment approach (PCS vs. NACT) and inferior survival. We assumed that high disease burden and performance status of 3 or 4 and were more common in the NACT group.
Based on the results of a subsequent analysis of the Gynecologic Oncology Group (GOG) study 182 we estimated that high disease burden was associated with a HR of death of 1.33 compared with women with moderate disease burden. The prevalence of high disease burden in this study was 60%.
[25] Using published data we estimated that performance status of 1 and 2 compared to a performance status of 0 in women with ovarian cancer is associated with a hazard ratio (HR) of mortality of 1.71. Using the same published data we estimated that the prevalence of performance of status of 1 and 2 in patients with advanced stage ovarian cancer is 50%.
[26] A large study showed that BRCA mutation status was associated a HR of death of 0.72 in women with advanced stage EOC.
[27] The prevalence of BRCA mutation in women with advanced stage epithelial is estimated to be around 10%. PCS = Primary Cytoreductive Surgery; NACT = Neoadjuvant chemotherapy
